Background: Kidney dysfunction (KD) has been associated with increased risk for major bleeding (MB) in patients with acute coronary syndromes (ACS) and may be in part related to an underuse of evidence-based therapies. Our aim was to assess the predictive ability of the Can Rapid risk stratification of Unstable angina patients Suppress ADverse outcomes with Early implementation of the ACC/AHA guidelines (CRUSADE) risk score in patients with concomitant ACS and chronic kidney disease. Methods: We conducted a retrospective analysis of a prospective registry including 1,587 ACS patients. In-hospital MB was prospectively recorded according to the CRUSADE and Bleeding Academic Research Consortium (BARC) criteria. KD was defined as an estimated glomerular filtration rate <60 mL/min/1.73 m 2 . Results: The predictive ability of the CRUSADE risk score was assessed by discrimination and calibration analyses. A total of 465 (29%) subjects had KD. In multivariate logistic regression analyses, we found high CRUSADE risk score values to be associated with a higher rate of in-hospital MB; however, among patients with KD, it was not associated with BARC MB. Regardless of the MB definition, the predictive ability of the CRUSADE score in patients with KD was lower: area under the curve (AUC) 0.71 versus 0.79, p = 0.03 for CRUSADE MB and AUC 0.65 versus 0.75, p = 0.02 for BARC MB. Hosmer-Lemeshow analyses showed a good calibration in all renal
Introduction
The use of more potent antithrombotic agents and invasive strategies has improved the outcomes in acute coronary syndrome (ACS) patients [1] . However, the beneficial reduction in ischemic events is realized only at the cost of excess major bleeding (MB) complications; such bleeding has emerged as a powerful and independent risk factor for adverse events [2] . Moreover, despite the increased risk for MB associated with current therapies, the absolute risk for MB has decreased [3] . This downward trend in MB complications may be partially related to the development of accurate risk scores for predicting bleeding that lead to refine the antithrombotic therapy and the optimal management of these patients [4] . Along this line, current ACS guidelines [5, 6] recommend the use of the Can Rapid risk stratification of Unstable angina patients Suppress ADverse outcomes with Early implementation of the ACC/ AHA guidelines (CRUSADE) score to identify patients at higher risk for in-hospital MB complications [7] . This score was initially developed in a large cohort of patients with non-ST-segment-elevation ACS and subsequently validated in ST-segment-elevation ACS patients [8] . Among ACS patients, kidney dysfunction (KD) is common and represents an established risk factor for bleeding complications [7] [8] [9] . Patients with KD are often older, with more comorbidities, and have an increased risk of both ischemic and bleeding complications [9, 10] . Therefore, the management of these patients is frequently challenging for clinicians, and accurate balancing of ischemic and bleeding risk stratification is highly desirable. Previous studies have reported an underuse of evidence-based therapies in KD patients, which may be in part related to their higher MB risk [11] . Then, given the clinical relevance of appropriate bleeding risk stratification in KD patients, the aim of our study was to assess the performance of the CRUSADE risk score in predicting in-hospital MB complications in an unselected and contemporary cohort of patients with KD admitted with ACS, and to compare it to patients with normal kidney function.
Methods
The present study is a retrospective analysis of a tertiary university hospital prospective registry. Between January 2012 and July 2015, 1,587 consecutive patients with a diagnosis of ACS were included. Patients who underwent coronary artery bypass graft ( n = 83) or those with missing risk score data were excluded from the analysis ( n = 37). During the index hospitalization, data on demographic and clinical characteristics, medication as well as laboratory, electrocardiographic, echocardiographic, angiographic findings, and clinical complications were collected in detail using a standardized form. The clinical management decisions about each patient were decided by the cardiologist responsible.
The study endpoint was the occurrence of in-hospital MB, defined according to CRUSADE [7] and Bleeding Academic Research Consortium (BARC) criteria [12] . CRUSADE MB was defined as intracranial hemorrhage, documented retroperitoneal bleed, hematocrit drop of ≥ 12% (baseline to nadir), any red blood cell transfusion when baseline hematocrit was ≥ 28%, or any red blood cell transfusion when baseline hematocrit was <28% with witnessed bleed. For reasons of clinical relevance, BARC bleeding types 3-5 were defined as major MB: type 3a, overt bleeding plus hemoglobin drop of 3-5 g/dL, any transfusion with overt bleeding; type 3b, overt bleeding plus hemoglobin drop 5 g/dL, cardiac tamponade, bleeding requiring surgical intervention for control (excluding dental/nasal/skin/hemorrhoid), bleeding requiring intravenous vasoactive agents; type 3c, intracranial hemorrhage (does not include microbleeds or hemorrhagic transfor-mation, but does include intraspinal bleeding), subcategories confirmed by autopsy or imaging or lumbar puncture, intraocular bleed compromising vision; type 5, fatal bleeding (type 5a, probable; type 5b, definite). MB events were prospectively collected by 2 trained cardiologists (S.M.-F. and P.J.F.-B.) who also classified the type of MB. A third cardiologist (A.L.-C.) was consulted if there were discrepancies. All elements comprising the definitions of BARC and CRUSADE bleeding were included in our daily registry data collection. KD was defined as the presence of an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 . eGFR was calculated with the CKD-EPI equation using serum creatinine at admission [13] .
Statistical Analysis
Categorical variables are presented as frequency values, and continuous variables are presented as mean ± standard deviation (SD) or as median and interquartile range. Categorized analyses were performed comparing patients with and without KD. Differences in baseline characteristics were compared using the Student t test or the Mann-Whitney U test for continuous variables and the χ 2 test or Fisher exact test for categorical variables. The independent effect of CRUSADE bleeding risk scores on MB was assessed by a multivariate binary logistic regression model. Variables associated with MB in univariate analyses ( p < 0.05) were included in a multivariate prediction model. In order to avoid model overfitting and multicollinearity effects, we did not incorporate as independent covariates those variables included in the CRUSADE risk scores. The MB complications model included as covariates: atrial fibrillation or atrial flutter, high-sensitive troponin T, chronic obstructive pulmonary disease, radial access, multivessel disease, percutaneous coronary intervention, and newer antiplatelet agent use. To assess the predictive ability of the CRUSADE bleeding risk score for predicting MB, we performed discrimination and calibration analyses. Receiver-operating characteristic (ROC) curves and their corresponding areas under the curve (AUC) were performed using binary logistic models. Comparisons between ROCs were made for both CRUSADE and BARC bleeding complications according to kidney function status. The method by DeLong et al. [14] was used to compare ROCs. To assess the calibration of the CRUSADE bleeding risk score, we used the Hosmer-Lemeshow (H-L) goodness-of-fit test [15] . The H-L test estimates a c-statistic based on the difference between the MB event values observed in reality and those predicted by the CRUSADE bleeding risk score for different risk groups. The smaller the statistical value, the better calibrated the model. A p value >0.05 indicates that the model is well adjusted to the data and therefore is a good predictor of patients' probability of MB. All p values <0.05 were accepted as statistically significant. Statistical analysis was performed using statistical software (STATA 13.0 for Windows).
Results
The study population consisted of 1,587 patients with ACS ( Table 1 ). The mean eGFR was 73 ± 24 mL/min/1.73 m 2 , and 465 (29%) patients had KD (eGFR <60 mL/min/1.73 m 2 ). The characteristics of the study population according to kidney function status are also shown in Table 1 . Compared to patients without KD, those with KD were older, more frequently female, and had more comorbidities.
The mean CRUSADE bleeding risk score value was 30 ± 16 points. Based on the CRUSADE bleeding risk score bleeding risk categories, 486 (31%) patients had a very low-risk, 352 (22%) had a low risk, 320 (20%) had a moderate risk, 235 (15%) had a high risk, and 194 (12%) had a very high risk. Patients with KD had a higher CRUSADE bleeding risk score (46 ± 13 vs. 24 ± 13, p < 0.001). However, these patients underwent invasive coronary angiography less frequently and were less often revascularized than patients without KD. As expected, the use of drug-eluting stents and potent antiplatelet agents (glycoprotein IIb/IIIa inhibitors, aspirin, clopidogrel, and prasugrel) were less frequent in KD patients as compared with patients without KD. Regarding anticoagulant agents, enoxaparin was more frequently used in KD patients.
During the index hospitalization, a total of 34 (2.1%) patients had CRUSADE MB and 37 (2.3%) had BARC MB: 18 (49%) type 3a, 16 (43%) type 3b, and 3 (8%) type 5b. Compared to patients without KD, those with KD had a higher in-hospital MB rate (1.6% [ n = 18] vs. 4.1% Data are expressed as mean ± standard deviation, median (interquartile range), and number (%). STE-ACS, ST-segment-elevation acute coronary syndrome; NSTE-ACS, non-STE-ACS; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; ECG, electrocardiography; eGFR, estimated glomerular filtration rate; hs-cTnT, high-sensitive cardiac troponin T; LVEF, left ventricular ejection fraction; Gp, glycoprotein; STEMI, ST-segment-elevation myocardial infarction; NSTEMI; non-STEMI. Figure 1 shows an increase in both CRUSADE and BARC bleeding complications with increasing CRUSADE risk categories regardless of kidney function status. Moreover, in multivariate logistic regression analysis, we found high CRUSADE risk score values to be associated with a higher rate of in-hospital MB, but among patients with KD, it was not associated with BARC MB ( Table 2 ). All independent predictors for MB in multivariate analyses are detailed in online supplementary Table 1 (www.karger.com/doi/10.1159/000455102).
Finally, to assess the accuracy of the CRUSADE bleeding risk score for predicting MB in patients with and without KD, we compared ROCs for both CRUSADE and BARC bleeding criteria according to kidney function status. Regardless of the MB definition, the predictive ability of the CRUSADE bleeding risk score in patients with KD was lower than in patients without KD ( Fig. 2 a, 
Discussion
In the present study, the CRUSADE bleeding risk score showed a lower predictive performance among KD patients compared to those with normal kidney function in the setting of ACS. Moreover, we found high CRUSADE risk score values to be associated with a higher rate of in-hospital MB, but among patients with KD, it was less powerfully predictive for BARC MB. Our study included 2 MB criteria: the CRUSADE criteria, used for the score development, and the BARC criteria, which are currently recommended in cardiovascular research [16] . Regardless of the bleeding definition used, we found similar results, increasing the value of our study conclusions. Our results are useful in that they are based on a large contemporary cohort of ACS subjects, and they may be helpful to clinicians and clinical trialists alike. Adjusted by chronic oral anticoagulation, high-sensitive troponin T, chronic obstructive pulmonary disease, radial access, multivessel disease, percutaneous coronary intervention, glycoprotein IIb/IIIa, enoxaparin/unfractionated heparin switch, and new antiplatelet use (new antiplatelets include prasugrel and ticagrelor). BARC, Bleeding Academic Research Consortium; CRUSADE, Can Rapid risk stratification of Unstable angina patients Suppress ADverse outcomes with Early implementation of the ACC/AHA guidelines; OR, odds ratio. Bleeding has emerged as an important outcome in the management of ACS. Patients with bleeding in the acute phase of ACS have worse outcomes [2] . There are 2 main hypotheses to explain the relationship between bleeding and adverse outcomes. The former is based on the overlap of bleeding and ischemic risk. This is revealed by the fact that most of the predictors are shared between the CRUSADE bleeding score and the most widely used ischemic risk score, the Global Registry of Acute Coronary Events (GRACE) score [7, 9] . This suggests that bleeding acts as a marker for an increased risk for ischemic events and mortality. A second possibility is that bleeding has direct harmful consequences and also sets in motion a number of deleterious adaptive changes. Primary consequences of bleeding include hypotension, anemia, and reduction in oxygen delivery. All of them have ineludible harmful effects. Secondary consequences include discontinuation of antithrombotic therapy, which places the patient at an increased risk of recurrent ischemic events [17] , and blood transfusions with proven detrimental effects [18] .
Increased recognition of the prognostic relevance of bleeding has led to the development of therapeutic strategies to avoid bleeding complications [16] . However, in order to apply such strategies to reduce the risk for MB, accurate methods for identifying patients at a higher risk of bleeding complications are needed. Moreover, misclassification of patients in higher bleeding risk categories may reduce the use of certain antithrombotic agents or invasive approaches, at the risk of undertreating patients. In fact, KD patients represent a high-risk population for a reduced use of guideline-recommended therapies, as has been previously reported [11] . In our population, the use of coronary angiography, percutaneous coronary intervention, drug eluting stent, and new antiplatelet agents were lower among KD patients. Although our study was not specifically designed to address the reason for this different clinical management, we assume that high bleeding risk may represent a determinant factor.
As in previous studies, we found KD to be associated with a higher MB risk [10, 11] . Several factors may be implicated in the relationship between KD and excess bleeding risk. Patients with KD are typically older, more often female, and have more comorbidities associated with a higher bleeding risk [10, 19] . Other risks for MB in those with KD include excess anticoagulant therapy [20] and hemostatic dysfunction (including abnormal platelet function); each predisposes KD patients to an increased risk of bleeding [21] . However, on the other hand, a state of hypercoagulation has also been demonstrated in KD patients [22] , and a higher rate of ischemic events has been reported [10] , thereby illustrating the challenge of caring for such patients, which reinforces the importance of accurate risk assessment in order to match treatment to the likelihood of benefit versus risk.
Several bleeding scores designed to help identify patients at a higher risk for bleeding have been developed during recent years [7, 23, 24] . However, validation of these scores in high-prevalent specific populations is logical. Given that up to 30-40% of the patients presenting with ACS have some degree of renal insufficiency [10] , we consider that our study has important implications. Indeed, Ariza-Solé et al. [25] reported a suboptimal performance of several bleeding risk scores (including the CRUSADE risk score) in elderly patients with ACS. They postulated that fragility and comorbidities could be associated with the worse performance of bleeding risk scores in this population. We obtained similar conclusions among KD patients. Encompassed within these patients were a number of well-established factors associated with a higher bleeding risk, such as advanced age, female sex, and other medical comorbidities associated with an increased bleeding risk [2, 7, 16, 23, 24] . Concurrency of these factors (many of them included in the CRUSADE risk score) among KD patients moves this population to a higher bleeding risk category and inevitably decreases the discriminatory power of this score. Identifying discriminatory bleeding factors could lead to develop specific bleeding scores for KD patients, given the aforementioned relevance of appropriate ischemic-bleeding risk stratification in these patients.
A strength of our study is that it was conducted in a contemporary cohort of ACS patients on current therapies (including newer antiplatelet therapies), as there are no previous studies exploring the CRUSADE performance in ACS patients on these drugs. However, the present study has several limitations. It is a retrospective analysis of a prospective registry conducted in a single center, so the applicability of the present results should therefore be viewed with caution in centers with other types of patients and medical facilities and should be considered hypothesis generating. The small sample size and the low number of MB, particularly in the KD group, also make it difficult to draw firm conclusions. However, although a low number of events can limit the statistical precision of ROC curve calculation, we believe that the notable differences seen are not attributable to the small sample size, particularly taking into account the conservative effect of the statistical approach used.
In conclusion, in our series, regardless of the MB definition, the CRUSADE bleeding risk score shows a lower discriminative performance in KD patients compared to those without KD. Further studies are needed to confirm these findings and to explore alternative scores that predict more accurately in-hospital MB in ACS patients with KD.
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